by D M Forrest FRCS (Westminster Children's Hospital, Vincent Square, London SWI) As a paediatric surgeon I naturally have a different viewpoint from those in other disciplines also treating spina bifida. The subject is a vast one, and with areas beyond my personal competence. I hope to cover a few aspects with which I am acquainted and about which I hold definite and often heretical views.
Changes in Natural History
First, I should like to look at the way in which the natural history of spina bifida has been radically altered by changes in management in the past fifteen years.
In the early 1960s when for the first time new methods of applying active surgery seemed to offer a chance of more normal development, many surgeons, including myself, threw themselves into active treatment. Of course, nobody imagined that these children could be made completely normal, but we confidently expected to eliminate the distressing group of grossly handicapped survivors. Unfortunately, it has become obvious by now that not all deformities can be corrected and that complications will continue to damage even favourable cases. So there are today even larger numbers of severely deformed survivors than previously.
Although the reason for early and active treatment was improvement in function, the campaign to encourage early referral caused operation at birth to become equated with survival and nonoperation with death. I believe that some surgeons did operate with the express intention of saving life in every case, but for myself the aim of operation has always been to improve function, not to prolong life at all costs. Of course, these two aims are often inseparable, but in practice the motives behind our actions often dictate the outcome. It is true that in early days of total treatment our expectations were unduly optimistic and therefore we expected most patients to do well. Therefore they were encouraged to live. Whether by accident or design, the mortality from spina bifida dropped dramatically, and nearly all infants were referred to hospital in the first day of life rather than being left to die in the maternity unit or at home.
Selection
Most would agree that in every series, whether inclusive or selective, there are some long-term survivors for whom it would have been better to die in infancy, both for their own sake and that of their parents and the community. Most would also agree that some children who die could have grown up into useful and fulfilled citizens. There is however wide divergence of opinion as to where the line should be drawn, and even more so as to the methods of selecting those patients with the best prognosis.
There is confusion in people's minds about the factors involved in survival. Unfortunately, when Lorber (1971) described his adverse criteria he did not distinguish clearly between survival and handicap, so that the issue has become more confused. My experience confirms many of Lorber's points but I cannot agree with all his conclusions. It is necessary to look at each of the four adverse criteria from the two points of view of survival and handicap.
Degree of paralysis at birth has nothing to do with survival though it obviously affects the degree of handicap profoundly. On the other hand, low birth weight and associated malformation are almost entirely concerned with survival, not handicap. This factor can in practice be almost ignored; only 4 % of all my cases showed it. Gross hydrocephalus is not often seen at birth (only 6 % of my cases), and even these are not more likely to die or have severe mental defect than others who develop hydrocephalus later. In fact, 80 % of all cases have open sutures at birth, showing that they will develop progressive hydrocephalus later; so this is not a very discriminating criterion. By far the most important adverse criterion both for survival and handicap is a thoraco-lumbar lesion with kyphosis, though even this I did not find as uniformly gloomy as did Lorber. Of the survivors in this group 12% became fully continent, and although nearly all became hydrocephalic there were exceptions.
Most people assume that spina bifida is a lethal malformation. In fact, neither spina bifida nor any of its components is necessarily fatal, even without any specific treatment. A considerable percentage will survive ventriculitis from an infected back; hydronephrosis from a paralyzed bladder; or hydrocephalus, and nobody dies of paralyzed legs. It is widely believed that death from ascending meningitis is more likely from a large defect than a small one. My findings do not support this. Any open lesion is more dangerous than a skin-covered one. Many factors influence the chance of a fatal infection, the most important being, I suspect, the enthusiasm with which the patient is nursed. Early operation does not greatly alter the infection rate; the reason why these patients survive is that they are treated with antibiotics and given total care.
Thus the only indication for early operation is to preserve lower limb function, and there is nothing to be gained if there is already total paraplegia at birth. Conversely, immediate operation on an infant with good leg movement does not necessarily prolong life unless he is also given good nursing care and antibiotics, and, indeed, operation sometimes precipitates spread of infection.
Much distress has been inflicted on parents whose infant has been snatched off to hospital, sometimes many miles away, often on the pretext that it will save his life. It is not surprising that disillusionment sets in when the child grows up to become severely handicapped.
Most of the social disadvantages of active treatment stem from immediate operation. Even if the operation is well justified, the impossibility of discussing all the implications with both parents and gaining their understanding and approval, rather than just a signature on a consent form, and the difficulty for the staff of obtaining a clear insight into all the social factors involved, tend to produce misunderstanding and resentment at an early stage.
Policy
Immediate operations should be undertaken only on those patients who have something to lose by delay. My policy for management in the neonatal period is based on these considerations. Infants seen at birth are assessed for immediate viability, urgency and potential handicap (Fig 1) . Thus only about 400% have surgical indications for urgent operation and some of these may have pressing social reasons for delay. I am quite prepared in such a case to cover the raw surface with a salinesoaked dressing for a few days until a satisfactory agreement can be reached with the parents. The important factor in convincing them that they are not being rushed into an operation they may later regret is to be able to tell them with complete honesty that initial action or delay need in no way prejudice later decisions about management, and is not the most important factor determining survival.
Once the initial period is over it becomes possible to watch potential for future development and viability, and this will determine the way in which the infant is managed. Ethical rather than clinical decisions are required here. I believe there should be a continuous spectrum from all-out treatment, resuscitation, transfusion, antibiotics, &c, for the infant who has almost no potential handicap, down to demand feeding with no tube feeding and no oxygen or other special nursing aids for the infant with gross deformities. Sedatives should be given only if there are clinical indications such as cerebral irritation. Most cases fall somewhere between these two extremes, whether they have been operated upon at birth or not. The policy adopted for each must have the approval of all in direct contact, especially nursing and junior medical staff, who will have to make the day-today decisions. Changing circumstances such as infection or rising intracranial pressure may make it necessary to reassess the situation. It is important however not to vacillate and change treatment with every fluctuation of the patient's condition, and at all times it is essential to look at the effect the treatment will have on survival, isolating this as far as possible from the effects on mental and physical handicap. In the event of survival this responsibility may go on for years. For instance, I have sometimes felt justified in inserting a valve into a virtually vegetative ten-year-old who was obviously not going to die of raised intracranial pressure. Even at this late stage it may be possible to relieve pain and make life more tolerable.
All the time the child survives (and when he dies) the parents must be brought into discussion as much as possible. I must emphasize the importance of their being made to see the problems realistically. It is too easy to leave them with the impression either that the child was neglected, or that he was artifically kept alive against their wishes. For this reason, among others, infants are not discharged and lost to follow-up.
To summarize, selection is not a once-for-all or an all-or-nothing process. Emergency operation is necessary only if the patient would suffer physically by delay. Management should be varied in intensity according to the chance of survival and also the estimated degree of future handicap.
Hydrocephalus
The damage caused by hydrocephalus depends on many factors, particularly the size and compliance of the skull and the degree of ventricular dilatation. The actual mechanisms of brain damage include:
(1) Stretching of the ventricles, which disrupts the ependyma, causing CSF infiltration of the juxtaventricular white matter with resulting gliosis (Weller et al. 1969) . The long frontoparietal association fibres are stretched and the limbic lobe attenuated. These changes may be responsible for the subtle but often progressive damage to performance and personality grouped under the title 'cocktail-party syndrome'. Clearly, these changes occur most readily in early infancy when the skull is soft and rapid increase in circumference occurs with only a slight rise in intracranial pressure.
(2) More severe and widespread neuronal death occurring when the skull is rigid and the fontanelles closed. A slight increase in CSF volume causes a rapid rise in intracranial pressure with decreased cerebral blood flow. Cerebral anoxia and direct compression cause spasticity and mental retardation, while medullary displacement may cause death from cardiac or respiratory arrest.
(3) Gross anatomical malformations such as agenesis of the corpus callosum, which may show up in air studies. At post mortem more detailed study very often reveals widespread microgyria and other abnormalities.
(4) Intracranial hemorrhage or ventriculitis, which are potent causes of intellectual loss.
There is no single factor affecting intelligence, so it does not surprise me that I have not been able to confirm the findings of Lorber (1971) that there is a close correlation between head circumference, cortical thickness and intelligence.
The presence of hydrocephalus can be deduced at birth in 80% of infants with spina bifida by observing suture separation, only occasionally by gross enlargement of the skull. In 10 % there is no suspicion of hydrocephalus and 10 % are borderline cases. This last group can be watched for a few weeks and occasionally the need for shunting can be averted by a three-week course of isosorbide (Hayden & Shurtleff 1967) , a drug which appears to reduce CSF production in addition to having an osmotic effect (Wealthall et al. 1972 ).
Hakim was the first to point out the fundamental interdependence of ventricular size and intraventricular pressure (Hakim & Adams 1965) . Clearly, a patient with dilated ventricles requires a lower pressure than normal to maintain equilibrium and one with a pressure of 120 mm CSF will continue to dilate and suffer progressive dementia. It is unfortunate that the misleading term 'normalpressure hydrocephalus' has come into common usage. Luckily, most valves on the market maintain drainage at a much lower pressure and allow ventricles to shrink. Unlike many of my colleagues, I do not believe that spontaneous arrest is common. At least 70 % of operated cases remain shunt-dependent, probably for life. It is better to keep drainage working than to allow repeated episodes of blockage, so I have developed the practice ofprophylactic lengthening of the distal catheter to allow for the patient's growth ). This also avoids the prodigal waste of veins seen in some centres. The ventriculo-atrial shunt is the most physiological, and in spite of its drawbacks I prefer it to ventriculopleural or ventriculoperitoneal drainage except in special circumstances. If neck veins are no longer available, direct atriotomy (described elsewhere: Blaze, Forrest & Tsingoglou 1971 ) is a safe and straightforward operation, easier and better than an azygos vein shunt.
Acute blockage of the shunt is usually obvious because of the clinical signs, the most valuable being bradycardia. Papillcedema is not to be relied upon. Chronically raised pressure is often very insidious. The simplest and cheapest pressure gauge is a permanent false fontanelle ). Unlike more sophisticated electronic devices it does not wear out or require recalibration. Apart from valve blockage, colonization is the most serious problem. With few exceptions the organisms enter the body at the time of operation. Holt (1971) isolated Staphylococcus albus in 90% of cases of colonization sampled from many hospitals round the country. The subgroup involved was almost invariably SlIa. Bayston & Penny (1972) explained this remarkable exclusiveness by demonstrating that this strain alone has a mucoid covering allowing it to adhere to the smooth plastic wall of the valve. Holt demonstrated that organisms could rapidly migrate upstream; he used a valve mock-up with saline flushed continuously down it and the distal catheter dipping into a pure culture of Staphylococcus albus. He found a heavy growth in the distal catheter, a moderate growth in the valve chamber and light or absent growth in the proximal catheter. This is exactly what happens in vivo. In only two cases have I found a sterile valve chamber when the distal catheter was infected, but it is quite usual for the upward growth to stop before reaching the proximal catheter and for the ventricular CSF to remain clear.
Diagnosis is often difficult and a high level of suspicion must be maintained in every case with a functioning shunt. By doing three routine blood cultures after every valve insertion or revision, we have shown (Nowak & Forrest 1972 ) that 80 % of colonizations are detectable within days of operation. Holt has perfected the heel-prick technique for collecting blood for culture. This has proved invaluable in preventing false positives in infants with difficult veins. Bayston (1971) has developed an agglutination test for Staphylococcus albus SIIa antibodies which could be useful when serial blood cultures are equivocal.
For a long time I have directed my efforts to perfecting operative techniques, avoiding all contact with the patient's skin (which can never be completely sterilized) and avoiding all unnecessary manoeuvres such as X-ray or EEG placement of the distal catheter, which lengthen the operation time and increase the risks of contamination (Tsingoglou . Pfastic adhesive drapes are to be avoided since they peel back from the edge of the wound at the very place where protection is most needed. Pools of sweat can collect under the film and discharge their load of staphylococci into the wound. I find it preferable to cover the wound edges with swabs soaked in a mild antiseptic such as noxythiolin (Noxyflex, Geistlich).
In spite of these precautions I still have an incidence of infection of about 5 %. Most cases are detected early and do not come to the full clinical picture of rigors, splenomegaly and anemia. Some of these early infections can be cured by a course of gentamicin, which must be given into the lateral ventricle so that it will flush through the valve. A valve chamber full of infected clot could never be sterilized in situ but must be removed. Nicholas et al. (1970) showed that it was possible to get away with removal and immediate replacement with a new valve, but of course this is possible only if the ventricular fluid is not infected. If it is, the whole system must be removed and the pressure kept low by continuous external drainage while the CSF is sterilized by intraventricular antibiotics and perhaps irrigation with antiseptic. It is not usually wise to refuse further treatment at this stage because this low-grade ventriculitis is not often fatal but is very damaging to the intellect.
About 20 % of my patients with shunts develop fits at some time in their first decade. A very few have a single localized focus; most have diffuse abnormality in one or both hemispheres. Pediatricians are inclined to blame the presence of a foreign body, i.e. the shunt, for these fits but there is no evidence to support this since the major focus is as often as not in the opposite hemisphere (Gibberd, unpublished data). Most fits occur while the shunt is working well and they are not an indication of raised intracranial pressure.
Urinary Tract
About 90 % ofpatients with spina bifida have some degree of urinary and bowel dysfunction, and in a few with a low sacral lesion this may be the only defect. It is difficult to know whether it is more distressing to be totally incontinent while otherwise quite healthy, or to have incontinence as only one of several major disorders. There is no doubt, however, that as Nash (1956 Nash ( , 1970 has long affirmed, the urinary tract problems cause a disproportionate amount of misery unless properly managed.
One of the striking features of the bladder pathology is the variability of its manifestations and the difficulty of reconciling different observers' findings. There are as many classifications as there are writers, and it is sometimes hard to believe that they are all writing about the same thing. This is probably due to the fact that bladder function is the resultant of a huge number of factors, any one of which may be normal or abnormal in varying degree. As Stark (1968) shows, this is partly referable to the level of the cord lesion but does not correlate well with the bony defect. Though some patients have clear-cut motor and sensory levels, most are patchy and incomplete. We have to consider the neurological deficit of the bladder, sphincters and pelvic floor, motor and sensory, somatic and splanchnic, upper or lower motor neurones, complete or incomplete and with superadded changes due to infection and obstruction. It is not surprising that there is an almost infinite number of possible combinations.
Out of this chaos a few patterns emerge, none of them clear cut but definite enough for clinical usefulness. It would be convenient if we could divide bladders simply into those with upper or Unlikely Possible Impossible lower motor neurone lesions, but I have found that the completeness of the lesion is also important in the lower motor neurone ones, so, they must be subdivided. Table 1 summarizes the main characteristics of neuropathic bladders. In the management of the neuropathic bladder there are always two elements, the surgical and the social: on one hand the promotion of drainage and the prevention of infection and of renal failure, and on the other hand the attainment of continence or at least social acceptability. To some extent they overlap but occasionally they conflict, so we must always bear in mind which element we are dealing with.
Surgical management starts at birth. I always arrange an IVP in the first fortnight to establish a baseline. It is usually normal. Sometimes there is acute retention, perhaps because of trauma to the neural plaque. This can be relieved by catheterization and dilatation or occasionally by bladder neck resection. Those bladders which are expressible should be emptied at each nappy change. Occasionally gross hydronephrosis develops early, but it can be prevented in most cases by improving the outflow tract. A few reflex bladders have enough sensation to give warning when the bladder is about to empty and others can be triggered off by a voluntary act such as straining or tickling the skin. These patients may be able to keep dry provided there is not too long a time interval. Some expressible bladders will hold urine for up to three hours, and so by time training the patient can learn to stay dry. As there is usually no sensation, emptying has to be done by the clock.
Toilet training requires intelligence and motivation on the part of the child and understanding of the principles of normal and abnormal micturition on the part of parents, teachers and nurses. Cooperation between school, hospital and home is also essential if a realistic and successful programme is to be worked out. It is usually possible to assess the potential for control by observation and clinical trial, but occasionally it helps to have formal urodynamic studies.
About 20% of patients can be toilet trained without appliances. When it becomes obvious that success will not be achieved, other means must be found. In boys the penis is usually well enough grown to fit a penile spout by the age of five, and this nearly always gives good control. It is not so easy for girls, so that most surgeons advocate an abdominal diversion, usually an ileal loop; Rickham (1964) recommends that it be done as early as two years old, so that the girl will grow up with the stoma and bag as part of her body image. Smith (1972) operates at the same age in order to prevent renal damage. I agree that diversion should be done early if there are surgical indications but seldom see social indications so young. I am deterred by the knowledge that this is an irreversible procedure in a patient with spina bifida (Middleton & Hendren 1976) .
The ileal loop must be judged by:
(1) Its social acceptability as a method of providing hygienic urine collection. It has the advantage that, provided the stoma is well placed and correctly fashioned, the patient and parents are intelligent enough to manage it, expert advice is available for selecting and fitting the most suitable appliance, and economic and cultural circumstances are adequate to permit a steady supply of bags, it can be a trouble-free and nsthetically satisfactory system capable of allowing privacy and independence on the part of the patient. However, if all these conditions are not fulfilled it can become a nightmare of infection, leakage and utter dependence on others, far worse than before.
(2) Its surgical acceptability as a means of prevention or control of deterioration of the upper renal tract. This is less certain and as more centres report large series it becomes evident that the longterm results leave much to be desired. Rickham (1964) , Cook et al. (1968) , Smith (1972) , Scott (1973) and Middleton & Hendren (1976) all reported a significant percentage of those starting with a normal upper tract and apparently satisfactory diversion developing severe renal damage, sometimes after ten or twenty years. My experience closely follows this.
One might expect that the improved urine flow which is often achieved by diverting a stagnant or obstructed bladder would permit easier sterilization of the urine, but in fact 30 % of my patients have chronic bacteriuria, mostly with resistant organisms. Many people now feel that an ileal loop is not the complete answer it was once thought to be. Hendren has gone so far as to state that it is not justified for a patient 'who has potential longevity'.
There are, however, alternative forms of diversion. Mogg (1967) has practised colonic loop diversion for many years and others are coming round to the idea. There is some evidence that the lumen of the colon provides more favourable pressure gradients.
About 10 % of patients with diversions develop a foul-smelling discharge from the defunctioned bladder. This is often thought to be a vaginal discharge and wrongly treated. It can often be cured permanently by a few antiseptic bladder washouts; if not, a bladder neck resection or cystectomy are needed. Symptoms should not be allowed to persist for long.
In recent years I have increasingly used the indwelling Foley catheter as an alternative to diversion (Forrest 1974) . Contrary to popular belief, this is not an open invitation to chronic infection, contracted bladder and renal failure. My first patient has remained dry and free of trouble for sixteen years and still has a normal IVP. It is most useful in those with gross kyphoscoliosis whose trunk offers no suitable site for a stoma, but it can be tried without prejudice to future treatment in any case before embarking on an irreversible diversion. Only about 50 % of cases prove suitable. Some have such a lax sphincter that the catheter leaks or falls out with the balloon still full. Some have trouble with debris and blockage and a few have trouble with irritation, but often infection and upper tract dilatation are relieved by the improved drainage. The new silastic catheters are non-irritant and do not perish, and they can often be left in for three months or more. Latex catheters are more inclined to block and so have to be changed more often, but some patients prefer them because they are softer and more flexible. I have used this method mainly in females. Duthie & Stark (1974) have found it effective also in males who cannot tolerate a penile spout urinal.
Bowels
Fortunately the bowels are usually easier to manage than the bladder, partly because there is a tendency to constipation, so that many patients can stay clean without a bowel motion for several days on end. Our main concern in these is to see that the constipation does not lead to ill health and that the motion when it does come can be taken care of hygienically. Many patients have some sensation, either something approaching the normal and giving adequate warning, or sometimes simply central abdominal colic. There may not be any ability to hold back the motion when it starts, so that there is urgency.
Some patients can go to the toilet at regular times and by straining or manual expression produce a motion. Some never have a spontaneous motion but overflow every few days. Those with a completely patulous anal sphincter tend to pass small hard pellets (not usually offensive) whenever they exert themselves. Only a small minority have troublesome soiling several times a day but there are many who are in trouble whenever they have diarrhoea due to infection or diet. Lomotil is an effective drug at these times. It is not easy to regulate the bowels by aperients though, rather surprisingly, some have found Senokot effective. I prefer the more accurate timing attainable with a suppository or enema. If given early in the morning they produce a good motion which may allow the patient to stay clean at least until evening. Almost all patients can be managed in this way, the exception being those with a sphincter that is too lax to hold a suppository in place. Recently, I have found Hopkinson's modification of the Thiersch stitch (Hopkinson & Hardman 1973) promising. This uses a circumanal stitch of silastic rubber. It works very well if it stays in place but since the tissues are insensitive, there is a danger of the stitch cutting through into the lumen or onto the skin. This complication is one of many reasons why I am pessimistic about the success of the many operations suggested for implanting an electronic or hydraulic device to replace the sphincter.
In only 0.50O0 of my cases was it necessary to make a permanent colostomy to control incontinence.
Conclusion
We are now seeing the first generation of actively treated spina bifida children growing up. They are not as different as we had hoped from the previous generation of haphazardly treated patients. They do not have such large heads and their intelligence is somewhat higher, but there are far more of them, and the larger number ofimproved ones is counterbalanced by the larger number of severely handicapped ones. This unfortunate outcome can be blamed partly on unselective treatment and certainly on unwise resuscitation, and it may be that more conservative and more restrained manage-ment in infancy will make the next generation less numerous and less handicapped. I am not as optimistic as Lorber that selection will answer all our problems. A significant number of severely handicapped infants will continue to survive in spite of our wishes and initially good cases will continue to deteriorate because of unforeseeable complications. Prenatal diagnosis, if it becomes generally available, may offer a way of drastically reducing the numbers born with open lesions, but it is no answer to those who believe that abortion is just as objectionable as euthanasia.
What is being done to help the generation now reaching school-leaving age? A disturbing number have not been equipped for independent adult life. Many of those now being treated in children's hospitals will continue to need medical supervision and surgery to their shunts, limbs, kidneys &c, and are not finding it easy to get overall follow-up in adult clinics. Who should take the place of the pediatrician or pediatric surgeon? These are problems which are still unresolved. The answers will be different in different centres and the solution will be easier if there is a bridge in the shape of an orthopedic or neurological surgeon whose work spans all age-groups.
